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Physics motivation

Abstract: We propose to use polarize :
asymmetries for theZA(T232) resonance over a Q? range from about 0.5 Lo 4 GeVZ/e® We
will measure the kinematically complete f@? p(e, e'mt)n over the full
A(1232) mass range, and obtain nearly a full 37 anputardistribution for several kinematic
regions in Q7.

This experiment_will provide us with unique information about the N — A transition
amplitudemnd their interferences, which is complementary to mea-
surements of ¢ i ustng unpolarized beam or target. Also, the measurement of
asymmetries will give rize to much smaller systematic errore which occur in absolute cross
section measurements.

The, experiment is especially well suited to Hall B since the maximnm acceptable lu-
minosity o atches that of the CLAS spectrometer. In this
experiment it wi e Tiecessary to detect the scattered clectrons and one of the emit-
ted hadrons to achieve full kinematic reconstruction. Most of the experiment, especially
the low @* part, will utilize beam time already approved in conjunction with experiment
£:91-23. In addition, we request an additional 300 hours of beam at 4 GeV 10 obtain
increased statistical accuracy at higher %, contingent upon successful utilization of the
already approved beam time. Even though at :hese cm energies only single meson produc-
tion is kinematically allowed missing mass reconstruction will eaable ns to eliminate most
of the backgrounds associated with the polarized target.
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The experiment g
CEBAF and Hall B / vA'ms
e Emax =6 GeV 2

) I m aX= 2 OO HA 45-MeV Injector R ?r”u’" 7’\// 0.4-GeV Linac
¥ efrigerator. ,/
e CLAS detector |

-~ Extraction
Elements

EG1la experiment
* September to December

1998 Google

* E=2.565 GeV
* |=2nA
 Beam pol 70%
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The polarized target

* NH; target
e P=+39%, -55%
* DNP polarization

e 12C and empty
targets
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The analysis éep — epm !
oc(W,Q%, 0, ¢r) = (00 + Peoe + Pioy + P.Pioey)

Virtoal
Proton e
\ ’

; Incoming
/ /,/ Electron

A= Tt - Nijp) — (Nyy + Ny )
o - Nip) + (N + Ny )

A, et 1 (N1t = Nyp) = (Ngy — Nyy)
o f (Ntp 4+ Npp) + (Nyy + Nyy)
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. —— 0
The analysis ep — epm” =,
~§ 0F L v
Well known things now, not so well S 10
known back then: o-
e Carbon normalization 0
e CCinefficiencies o »
e P,P; extraction W s 0 8
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The results

0.5 GeV? < Q? < 0.9 GeV?

0.9 GeV? < Q% < 1.5 GeV?

0.4 0.4 i, Models.
= r vf ,_§$f —Maid 2000
0.2; + 0'2; # ++ - - Sato Lee
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Asymmetries integrated over cos(6*)
Aet characterized by M1.% well know from x-section
A: sensitivity to background multipoles

| Fairfield

Nii? UNIVERSITY



What is the next step? (Paul’s favorite question)

The eglb experiment ep — epm”
Same setup ® Epeam=1.6 GeV in-bending
Ebeam=1.6, 2.5, 4.2, 5.7 GeV e Both NH3
Both in-bending and out-bending e three Q? bins
Both NH3, NDs e seven W bins

Beam polarization 70%
NHs polarization ~70%
Run in 2000

First measurement of the target and double spin

e 4 in the delta region
e 3from 1.3to 1.7 GeV

asymmetries in the region above the A(1232) resonance

Biselli et al. Phys. Rev. C 78, 045204

B

N

-~
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The results

(a) (b)
5_ L
O\}\ I
50
~0.50 0.5 -0.50 0.5
cosO cos 0O
(a) ' (b)
L I {'"I"l"ll’%’_:‘f—{ ,.:;s" } J
e %
~0.50 0.5 -0.50 0.5
cos 6 cos 0

Q° [GeV?]

W [GeV]

e Asymmetries extracted in
3x8x10x15 bins.

e ~2400 non-zero data points for
each asymmetry

| Fairfield
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The results Aet and A vs W

0. 5: 0.5
0.af| MDY +}%\{ 0 4 | MAIDO7
E | MAIDOS ORI - |-~ MAIDO3
0. 3E ----- MAIDOO |//J| \ 0. 3— -~ MAIDOO
0.2- TN 0.2 |SL
O - l} 7 O . 11 ......... DMT
o il %
<L OH O R
-0.1f —0.1;—| ______
—o.2§ —o.2§ ............
-0.3F -0.3f
_ :I 1 | 1 1 1 | 1 1 1 | 1 _O .4:' 1 | 1 1 1 | 1 1 1 | 1
0.4 1.2 1.4 1.6 1.2 1.4 1.6
W [GeV] W [GeV]

Asymmetries integrated over cos(8) and non-zero acceptance region in 60<¢p<156 deg
A(1232) region:
e A.: agreement with all models -> M1* dominance, well know from x-sections
e A:agreement with Sato-Lee model, background sensitivity
Higher resonance region:

e Act sensitivity to D13 ﬂ Fairfield
e A:agreement with MAID UNIVERSITY



The results Aet vs QZ

0.5[1.10<W<1.15GeV [ 1.15<W<1.20GeV | 1.20<W<1.25GeV [ 1.25<W<1.30GeV

D I
0 I
< 0 !

e W”‘ =

-0 5-_1.3O<W<l.35GeV 1l 1.35<W<1.40GeV | 1.40<W<1.45GeV [ 1.45<W<1.50GeV

-0 5_1.50<W<1.55GeV |l 1.55<W<1.60GeV :l.60<W<l.65GeV Ll 1.65<W<1.70GeV
0

. . 0.4 0.6 .2 OI4O6 2 64 0.6
Q* [GeV?] Q* [GeV?] Q* [GeV?] Q* [GeV?]
A(1232) region:
e linear, negative slope, well described by all models
Higher resonance region:
e positive slope, rapidly increasing with Q?, models underestimate the magnitude

e Sensitivity to the relative strength of the A1/, A3/, of the D13(1520) ﬁ Fairfield
14
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The results A; vs Q?

0.4f

0.2F -

< o:—*-'ﬁﬂﬁi'

-0.2F j

-0 4:_1.1O<W<l.15Ge 1.15<W<1.20GeV[1.20<W<1.25GeV[1.25<W<1.30GeV
0.4F

0. Qg ety e ol

! 3 - +

iu} L

< Or +

-0.2r

-0 4:_1.3O<W<l.35GeV_1.35<W<1.4OGeV_1.4O<W<1.45GeV_1.45<W<1.50GeV
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« 0

-0.2F
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0.2 0.4 0.6 .2 0.4 0.6 .2 0.4 0.6 .2 0.4 0.6

. 2 2

A(1232) region: Q@ [GeV’] 0 [CeV’] 0* [GeV?] O [GeV’]

e described well only by SL
Higher resonance region:
e described well by MAID

ﬂ Fairfield
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Electro-excitation of nucleon resonances from

CLAS data on single pion electro-production

Aznauryan, et al. Phys. Rev. C 78, 045204
e Comprehensive analysis of CLAS data of pion electro-production off

protons.

e Different observables: cross sections, beam asymmetries, target and
double spin asymmetry

. Number
e Two approaches:

Obser- Q? W points Ref.

1 1 1 1 vable (GeV?) (GeV) (N) DR  UIM
A(r) 0252 1.125-1.55 594  1.36 1.48 [8]
1 1 Ae(n®) 0252 1.125-1.55 598 1.19 123 [g]
L electro Coupllng amplltUdeS (UIM) %(ﬂ_o) 0.4 1.1-1.68 3530 1.23 1.24 [1]
do(nt) 0.4  1.1-1.55 2308 1.92  1.64 [4]
App(7®) 04 11-1.66 956 1.24 118 [2]
2 App(nt) 04 1.1-1.66 918 128 119 [3]
Ob 0 W gimbe? (zf X°IN Ai(7°)  0.385 1.125-1.55 696 1.40  1.61 [§]
ser- ) ata points Aw(x®) 0385 1.125-1.55 692 122  1.25 [g]
vable (GeVT) (GeV) (V) DR UIM 9o (%) 0525 L1166 3377 133 135 [1]
@)y 172 1.11-1.69 3530 2.3 2.5 29 (xt) 05  1.1-151 2158 151 1.48 [4]
2.05 1.11-1.69 5123 2.3 2.2 ;T”Z(ﬂo) 0.65 1.1-1.68 6149 1.09 1.14 [1]
2.44 1.11-1.69 5452 2.0 2.0 zfg(ﬂ) 0.6  1.1-1.41 1484 121  1.24 [4]
291 1.11-1.69 5484 1.9 2.1 ﬁ(ﬂg ~06 1.4-1.76 477 172  1.74 [43]
3.48 1.11-1.69 5482 1.3 1.4 App/(n°) 0.65 1.1-1.66 805 1.09  1.13 [2]
Ai(m®) 0611 1.125-1.55 930 1.38  1.40 [§]

Appe(nt)  1.72 1.12-1.68 699 2.9 3.0 A

905 112168 91 30 2.9 Ae(7°) 0611 1.125-1.55 923 126 1.28 [8]
S R > [1] K. Joo et al., CLAS Collaboration, Phys. Rev. Lett. 88, 122001 (2002).

3.48 1.12-1.68 623 2.4 2.3 [2] K. Joo et al., CLAS Collaboration, Phys. Rev 068 032201 2003

K. Park et al., CLAS Collaboration, Phys. Rev. C 77,

015208 (2008).

[3] K. Joo et al., CLAS Collaboration, Phys
[4] H. Egiyan et al., CLAS Collaboration, Ph
[8] A. Biselli et al., CLAS Collaboration; Phys\RéV




Fits results for At an Aet
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Fits results for At an Aet vs W
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e Smaller magnitude of Sy/, for the Roper
e Larger A1/ and smaller |Si1/2| amplitudes fory p & N(1535)S11

transition

— DR
--UIM

e Minor impact on the yxp - A(1232)P33 and N(1520)D13

amplitudes
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More eglhb?

Target and beam-target spin asymmetries in exclusive m* and ™
electroproduction with 1.6- to 5.7-GeV electrons

Bosted. etc al Phys. Rev C 94, 055201 (2016)

Run period Beam energy I torus P Pr(p) PzPr(d) Ry, RY_,
Part 1p6i 1.603GeV 1500 A  0.55 021 0.86 0.99
(Part Ip6o)  1.603 GeV —1500 A - - - -

Part 1p7o 1.721 GeV —1500 A  0.58 0.21 0.81 0.99
Part 2p2i 2.285GeV 1500 A  0.50 - 086 -

Part 2p5i 2.559 GeV 1500 A - 0.21 - 099
Part 2p5o  2.559GeV -1500A  0.61 0.25 086 1.01
Part 4p2i 4236GeV 2250 A 054 0.18 0.85 0.99
Part 4p20  4.236 GeV 2250 A 0.55 0.18 0.88 1.01
Part 5p6i 5.612GeV 2250 A 0.50 0.20 0.815 0.99
Part 5p72i  5.722GeV 2250 A 0.50 0.20 0.815 0.99
Part 5p720  5.722 GeV 2250 A 0.50 0.19 0.83 0.99
(Part 5p740) 5.740 GeV 2250 A 0.50 0.19 - -

Topology

Final state particles

ep —> en™n

ed — en” p(p)
ep — em™(n)
ed — exn~(pp)

Electron, 7+, neutron
Electron, 7 ~, proton

Electron, 7+
Electron, 7w~

only charge pions

0.5
0.0
-0.5
-1.0
0.5
0.0
-0.5
-1.0
0.5
0.0
’_,170.5
—-1.0
0.5
0.0
-0.5
-1.0
0.5
0.0
-0.5
-1.0
0.5
0.0
-0.5
-1.0

<W> <Q°>
1.19 0.46

<W> <Q°>
1.28 0.38

<W> <Q°>
1.40 0.37

<W> <Q°>
1.64 0.33

<W> <Q°>
1.75 0.31

<W> <Q%>kw> <Q®%*>
1.87 0.27]1.99 0.26

- cosf”

0.95

qcoso*
0.85

cosf”
0.75

:cose"
0.65

cosf”

0.44

cosf”
0.05
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"™ Thank you Paul.

o

r, graduate stuaent ey e

la Biselli, Associate from its carliest days, Rensselaer has had exXtensive myuLy === .

- I’hysicds s late 1970s as a principal activist for its establishment, then as the designer

:‘eg 'Mai‘:(: ﬁ:s;?; and builder of a critical component, and now as a major research presence.
| for Rensselaer researchers,

Not only is the laba powerful too
it has provided studentsa unique opportunity to

gain real-world experience with some of the
most advanced equipment in the world.

The lab is a complex assembly of
high-tech hardware and

x
ey e
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